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(54) LASER CLEANING APPARATUS AND METHOD THEREFOR 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To reliably remove 
foreign objects, to improve the rate of foreign object 
removal, to prevent the foreign objects from adhering 
onto a substrate surface again, and to prevent an 
extremely small amount of scattering. 
SOLUTION: Compressed fluid is jetted to the outer edge 
of a spot P from first and second jet ports 38a and 40a of 
a nozzle 36, and is sprayed at a spraying angle a being 
smaller than 90 degrees. Each compressed fluid flows 
within the range of the spot P, and collides one another 
near the center between the first and second jet ports 3 8a 
and 40a. In addition, the compressed fluid that flows 
within the range of the spot P gives kinetic energy to 
foreign objects for supporting the peeling/floating of the 
/ y,^ ^foreign objects due to laser irradiation. Then, the foreign 
objects including extremely small ones that are subjected 
;ftto the peeling/floating swim with the current of the 
compressed fluid. A suction port 42a is arranged ahead 
the flow of the compressed fluid that has collided, thus 
sucking the foreign objects to the suction port 42a with the compressed fluid by allowing suction 
force to operate. 




DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention about laser cleaning equipment and the laser cleaning 
method especially, for example, In the manufacturing process of a magnetic-recording board, a 
magnetic recording medium, a semiconductor wafer, a liquid crystal display, etc., It is related 
with the laser cleaning equipment which irradiates the surface of the substrate used as the 
candidate for cleaning with a laser beam, washes a substrate face optically, and prevents the 
reattachment to the substrate face of a foreign matter, and the minimum scattering, and the laser 
cleaning method* 
[0002] 

[Description of the Prior Art] An example of this kind of conventional laser cleaning equipment 
is indicated by JP,H1 1-6086,A [C23F4/00, B23K26/14, C23C16/44, H01L21/3065, 21/304] by 
which publication of unexamined application was carried out as of Heisei 1 1(1999) January 12. 
This laser cleaning equipment 1 contains the flue connector 4 which forms this and a double 
cylinder by the periphery side of the gas blow-off pipe 3 provided so that the circumference of 
the laser beam 2 may be surrounded, and the gas blow-off pipe 3, as shown in drawing 12 . In 
conventional technology (JP,H1 1-608 6, A). While making the impurity (foreign matter) of the 
surface of the processed object (substrate) 5 exfoliate by the exposure of the laser beam 2, He 
removes a foreign matter from the gas blow-off pipe 3 by spraying the inactive gas 6 on the laser 
beam irradiation position (spot) of the surface of the substrate 5, etc. from it being perpendicular, 
and attracting the foreign matter made to exfoliate from the flue connector 4 with the gas 6, and 
was trying to prevent the reattachment of the foreign matter to the processed object 5, 
[0003] 

[Problem to be solved by the invention] On the other hand, in laser cleaning technology, that in 
which a foreign matter exfoliates by laser radiation, and a foreign matter were ground, there were 
some (the minimum scattering) which serve as small foreign matter very much, and scatter, and 
there was a problem of carrying out the reattachment of these to a substrate face, only by laser 
radiation. 

[0004] Then, although he is trying to prevent the reattachment of a foreign matter by spraying the 
gas 6 on a spot and collecting these in conventional technology, In conventional technology, 
since he was trying to spray the gas 6 from it being perpendicular, there was a possibility that the 
foreign matter which is going to be exfoliated or ground may hold down to the surface of the 
substrate 5, may be attached by this gas jet, and might not exfoliate by it. There was a possibility 
that the foreign matter once exfoliated or ground might carry out the reattachment to the surface 
of the substrate 5 similarly. In order to raise the exfoliation power of a foreign matter, when the 
gas 6 was made to blow off on high-speed jet conditions, there was a possibility like a hard disk 
substrate that a byway and a lightweight thing may be blown away comparatively. 
[0005]In conventional technology, since he was trying to form the flue connector 4 as the 
circumference of a spot is surrounded, when cleaning the end of the substrate 5, the suction 
opening of the flue connector 4 overflowed out of the range of the substrate 5, and there was a 
possibility that suction performance might get worse and the reattachment of a foreign matter 
might arise. 

[0006]So, the main purpose of this invention is to provide laser cleaning equipment which can 
prevent reattachment of a foreign matter to a substrate face, and can moreover prevent the 



minimum scattering, and a laser cleaning method. 
[0007] 

[Means for solving problem]In laser cleaning equipment which the 1st invention irradiates a 
substrate face with a laser beam, and washes said substrate faces Th e 1 st rocket engine jets and 
the 2nd rocket engine jets which spout compression fluid on a spray square smaller than 90 
degrees towards an outer edge of a spot from a position which counters on both sides of a spot of 
a laser beam formed in a substrate face, It is laser cleaning equipment provided with a nozzle 
which has a suction opening established between the 1 st rocket engine jets and the 2nd rocket 
engine jets. 

[0008]In a laser cleaning method which the 2nd invention irradiates a substrate face with a laser 
beam, and washes said substrate face, It is the laser cleaning method attracting compression fluid 
which makes compression fluid blow off from a position which counters on both sides of a spot 
of a laser beam formed in a substrate face on a spray square smaller than 90 degrees towards an 
outer edge of a spot, and collided each other on the outskirts within a spot. 
[0009] 

[Function] Compression fluid blows off from the position (the 1st rocket engine jets and the 2nd 
rocket engine jets of a nozzle) which counters on both sides of a spot on a spray square smaller 
than 90 degrees towards the outer edge of a spot. If each compression fluid hits a substrate face, 
it will change direction in the direction which collides each other, will flow through within the 
limits of a spot, and will collide each other near the center between the 1st rocket engine jets and 
the 2nd rocket engine jets. Thus, as for compression fluid flowing [ which collided each other on 
the outskirts within a spot ], a suction opening is provided in the point of a substrate face which 
is the flow toward a normal line direction mostly. The compression fluid which flows through 
within the limits of a spot gives kinetic energy to a foreign matter, assists exfoliation and 
surfacing of the foreign matter by laser radiation, and promotes this. And the foreign matter 
which exfoliated and surfaced rides the flow of compression fluid. The piece of grinding of the 
foreign matter ground by laser radiation (very small foreign matter) also rides the flow of 
compression fluid. Therefore, a foreign matter is conjointly attracted [ act / the suction force 
from a suction opening ] by the suction opening with compression fluid. Thus, a foreign matter is 
removed while the compression fluid which blew off is collected. 

[0010]For example, compression fluid is sprayed within the limits of a substrate face. In this 
case, the contamination (adhesion of a foreign matter etc.) from the peripheral environment by 
compression fluid blowing off to peripheral environment is prevented, 

[001 l]When the 1st rocket engine jets and the 2nd rocket engine jets are established in the one 
side which separated from the center of the direction which intersects perpendicularly with the 
direction of radiation of the laser beam of a suction opening, or the direction of radiation and the 
end of a substrate face is washed, the center of a suction opening may be made to be arranged out 
of the range of a substrate face. Also in this case, the contamination from peripheral environment 
is prevented. 

[00 12] The center position between the 1st rocket engine jets and the 2nd rocket engine jets and 
the center position of a spot are offset, and it may be made to be arranged them. In this case, 
since the Dead Zone (place where the rate of flow serves as zero) generated in near the center 
position between the 1st rocket engine jets and the 2nd rocket engine jets where compression 
fluid collides each other is avoidable, a foreign matter is not attracted but can prevent carrying 
out the reattachment. 

[0013]S-polarized light of the laser beam is carried out to a substrate face, and it is irradiated 



aslant. In this case, exfoliation and surfacing of a foreign matter can be performed efficiently, 
avoiding the surface damage and performance degradation of a substrate. 

[00 14] Since both the surfaces of a substrate can be simultaneously cleaned when a laser beam is 
irradiated by both the surfaces of a substrate and a nozzle is provided to each of both surfaces of 
a substrate, a throughput can be improved. The problem by which a substrate is blown away with 
compression fluid is avoidable by maintaining the flow balance of compression fluid to both the 
surfaces of a substrate* 
[0015] 

[Effect of the Invention] According to this invention, a foreign matter can be removed certainly 
and the extraction ratio of a foreign matter can be improved. The reattachment to the substrate 
face of a foreign matter can be prevented, and, moreover, the minimum scattering can also be 
prevented. 

[00 16] The above-mentioned purpose of this invention, the other purposes, the feature, and an 
advantage will become still clearer from the detailed explanation of the following embodiments 
given with reference to Drawings. 
[0017] 

[Working example]The cleaning device 10 of this embodiment shown in drawing 1 cleans the 
surface of a substrate in the manufacturing process of a magnetic-recording board, a magnetic 
recording medium, a semiconductor wafer, a liquid crystal display, etc., and prevents the 
reattachment to the substrate face of a foreign matter, and the minimum scattering. Below, it 
explains as a premise using the cleaning device 10 for cleaning of the hard disk substrate 12 
which consists of main materials, such as aluminum or glass. 

[0018]Here, the hard disk substrate 12 is a thing of the preceding paragraph story of the process 

of carrying out sputtering of the magnetic material* 

Texture polish of the surface is covered and carried out by the NiP film. 

Therefore, two or more polish slots which extend to a hoop direction exist in the surface of the 
hard disk substrate 1 2. 

Foreign matters (not shown), such as a contaminant in grinding waste and a last cleaning process 
and a contaminant in a clean room, have adhered. 

[0019]The cleaning device 10 (drawing 1^ contains the personal computer (henceforth "PC") 14, 
the excimer laser 16, the variable attenuator 18, the optical systems 20 and 22, the moving stage 
24, the energy meter 32, the spindle motor 34, and nozzle 36 grade. 

[0020]In this embodiment, while the nozzle 36 and optical system 22 grade are provided in a 
position fixed, the hard disk substrate 12 is attached to the spindle motor 34 on the moving stage 
24, and the hard disk substrate 12 is suitably made movable to the nozzle 36 and the optical 
system 22. 

[0021]The moving stage 24 contains a stage portion movable to fixed shaft orientations which is 
not illustrated. Movement of a stage portion is controlled by PC14, and the movement-zone 
information is given to PC 14 as a position signal. And the spindle motor 34 is laid in a stage 
portion fixed. Therefore, the spindle motor 34 is moved with movement of a stage portion, and a 
position of the spindle motor 34 may be grasped based on movement-zone information on a 
stage portion. That is, the hard disk substrate 1 2 is moved with movement of a stage portion, and 
a position of the hard disk substrate 12 may be grasped based on movement-zone information on 
a stage portion. 

[0022] As for the spindle motor 34, the hard disk substrate 12 is attached to an abbreviated level 



at a point of the output shaft 34a including the output shaft 34a. A rotary encoder which is not 
illustrated is built in the spindle motor 34, and rotational position information detected by this 
rotary encoder is given to it PC 14. 

[0023]Revolving speed of the spindle motor 34 is controlled by PC14 in about 50-20,000 rpm. 
As a system of a roll control, CAV (Constant Angular Velocity) control or CLV (Constant 
Linear Velocity) control is used. Since according to CAV control pulse repetition frequency of 
the excimer laser 16 and a rotational frequency of the spindle motor 34 are associated and it is 
easy to control, When irradiating with a laser beam targeting a specific foreign matter, it is 
suitable, and on the other hand, according to CLV control, since it is easy to glare with fixed 
pulse repetition frequency, when irradiating the surface of the hard disk substrate 12 with a laser 
beam uniformly, it is suitable. Although the maximum revolving speed of the spindle motor 34 is 
so advantageous from a viewpoint of a throughput that it is quick, from a viewpoint of 
controlling an irradiation position of a laser beam, it is desirable that it is below pulse repetition 
frequency of the excimer laser 1 6. 

[0024]Including a KrF excimer laser oscillator (wavelength: about 248 nm 3 about pulse 
width:25ns) in which the excimer laser 16 emits a laser beam of random polarization, for 
example, ON/OFF of an oscillation is controlled by PC 14 and pulse repetition frequency is 
changed. A laser output is adjusted when the excimer laser 16 controls impressed electromotive 
force by this control device including a control device which controls laser density. Pulse 
repetition frequency of the excimer laser 16 is set, for example as about 100 Hz. 
[0025] Although having used a KrF excimer laser oscillator has having high photon energy 
suitable for washing, that oscillation efficiency is high, and a low rate of ozone evolution and it 
is based on Reasons that it is not necessary to carry out the nitrogen purge of the optical path, 
transmissivity of an optical element is high, etc., Other laser generators, such as other excimer 
laser oscillators, such as a XeCl excimer laser oscillator (wavelength: 308 nm) and an ArF 
excimer laser oscillator (wavelength; 193 nm), or a solid state laser oscillator, and a 
semiconductor laser oscillator, may be used. 

[0026]The variable attenuator 18 adjusts uniformly, laser intensity, i.e., laser density, per unit 
irradiation surface product of a laser beam which were irradiated from the excimer laser 16. 
It is adjusted by control of PC 14 in the range in which the transmissivity is 0-100%. 
However, it is desirable to use with transmissivity of 70 to 100% from a viewpoint of energy 
efficiency of the excimer laser 16. 

[0027]The optical system 20 deflects this while operating orthopedically the laser beam given 
from the variable attenuator 1 8 with a rectangle beam. 

It is constituted by combining optics, such as a mirror and a beam plastic surgery machine. 
It is desirable for that profile to make a laser beam uniform collimating light in this optical 
system 20. 

[0028]The optical system 22 irradiates with this to the upper surface of the hard disk substrate 12 
by the low slanting namely, incidence angle theta (for example, 1 5 degrees or less) while 
carrying out s-polarized light of the laser beam of the random polarization given from the optical 
system 20 to the upper surface of the hard disk substrate 12. 
It is constituted by various kinds of optics. 

[0029] For example, the optical system 22 contains a polarization beam splitter, a mirror, 1/2 
wavelength plate, etc. If the laser beam of random polarization enters into a polarization beam 
splitter, while the part will be penetrated, the vibrating direction of the electric vector is used as a 



horizontal chisel, and is irradiated by the upper surface of the hard disk substrate 12 as an s- 
polarized light beam. An incidence angle and irradiation energy density are set as a proper value, 
in order to acquire a suitable cleaning effect (i.e., in order to attain not producing a surface 
damage, that a foreign matter is removable, that recording reproduction characteristics are 
securable, etc.). Since the reflection coefficient of sound energy intensity in a substrate face 
becomes large, for example by irradiating with a laser beam by s-polarized light and a low 
incidence angle, A operation effect advantageous to removal (exfoliation and surfacing) of a 
foreign matter » while suppressing the energy absorption to a substrate, can increase the dose to 
a foreign matter by the indirect exposure of a reflected light, and the vibrational energy of s- 
polarized light acts effective in a foreign matter — is obtained. Thus, avoiding damage and 
performance degradation of a substrate face, from a substrate face, a foreign matter is exfoliated 
and risen to surface, and is removed. 

[0030] As for the direction of radiation of a laser beam, it is desirable that it is a tangential 
direction so that a laser beam may fully be irradiated also to the foreign matter of the polish 
inside of a slot formed in the hoop direction of the surface of the hard disk substrate 12. 
[0031] When using the laser beam which may replace with a polarization beam splitter, and may 
use a plate polarizer etc., or has the linear polarization characteristic, it may be made to divide 
this by a non-polarization beam splitter. Since it is explained in full detail by Tokuganheil 1- 
24821 1 for which applicant of this application applied previously, please refer to it for the 
composition of such an optical system 22, or the characteristic of setting out of an incidence 
angle and irradiation energy density, and s-polarized light low angle incidence. 
[0032] When the energy meter 32 removes the hard disk substrate 12, it carries out direct 
detection of the laser density of the laser beam (dashed line in drawing 1 ) irradiated from the 
optical system 22* 

It is arranged under the optical system 22. 

And the laser density signal detected in the energy meter 32 is given to PC14, and laser density is 
finely tuned based on this laser density signal. That is, the laser density irradiated by the hard 
disk substrate 12, By controlling the impressed electromotive force to the excimer laser 16 based 
on the target laser density set up beforehand, a coarse control is carried out and it is finely tuned 
by controlling the variable attenuator 1 8, using the laser density signal (actual measurement) 
from the energy meter 32 as a feedback signal. Therefore, the laser density irradiated by the hard 
disk substrate 12 is maintained uniformly. 

[0033]The nozzle 36 is for attracting and discharging compression fluid and a foreign matter 
while assisting it by spouting compression fluid to exfoliation and surfacing of a foreign matter 
by laser radiation. 

The 1st spurting parts 38, the 2nd spurting parts 40, and the suction part 42 are included. 

[0034]The compression fluid feed units 44 and 46 are connected to the 1 st spurting parts 38 and 
the 2nd spurting parts 40, respectively, and suction and the exhaust 48 are connected to the 
suction part 42. It is controlled by PC 14, respectively and compression fluid, such as inactive 
gas, is sent into the 1st spurting parts 38 and the 2nd spurting parts 40, and suction and the 
exhaust 48 are controlled by PC 14, and from the suction part 42, the compression fluid feed units 
44 and 46 attract compression fluid, a foreign matter, etc., and discharge it. 
[0035]Specifically, the 1 st spurting parts 38, the 2nd spurting parts 40, and the suction part 42 
are formed as a separate passage, respectively in the main parts 50, such as the nozzle 36, for 
example, approximately rectangular parallelepiped shape etc., as shown in drawing 3 . As shown 



in drawing 2 (A) and (B), the 1st spurting parts 38, the end connection 52 open for free passage 
and the 2nd spurting parts 40, the end connection 54 open for free passage and the suction part 
40, and the end connection 56 open for free passage are formed in the main part 50. 
The pipes 58 and 60 prolonged from the compression fluid feed units 44 and 46 are connected to 
the end connections 52 and 54, and the pipe 62 prolonged from suction and the exhaust 48 is 
connected to the end connection 56. 

[0036]The 1st spurting parts 38, the 2nd spurting parts 40, and the suction part 42 include the 1 st 
rocket engine jets 38a» the 2nd rocket engine jets 40a, and the suction opening 42a, respectively. 
As shown in drawing 3 . in a lower end part of the nozzle 36 which attends the surface of the hard 
disk substrate 12, the 1st spurting parts 38 and the 2nd spurting parts 40 separate an interval, and 
are provided, between the 1st spurting parts 38 and the 2nd spurting parts 40, these are adjoined 
and the suction part 42 is formed. And the 1 st rocket engine jets 38a, the 2nd rocket engine jets 
40a, and the suction openings 42a, such as approximately rectangular shape, are formed in a 
lower end of the 1st spurting parts 38, the 2nd spurting parts 40, and the suction part 42, 
respectively. Thus, the 1st rocket engine jets 38a, the suction opening 42a, and the 2nd rocket 
engine jets 40a make sandwich structure which adjoined this order and was arranged on a 
straight line. 

[0037] Arrangement and size of the 1st rocket engine jets 38a and the 2nd rocket engine jets 40a, 
a flow of compression fluid blowing off, etc., It is suitably set up so that exfoliation and 
surfacing of a foreign matter in the spot (laser beam irradiation position) P formed by exposure 
of a laser beam on the hard disk substrate 12 surface can be assisted exactly, Arrangement, size, 
a suction force, etc. of the suction opening 42a are suitably set up so that compression fluid, a 
foreign matter, etc. can be attracted certainly. 

[0038]In this embodiment, as the nozzle 36 separates a predetermined interval from the surface 
of the hard disk substrate 12 and is located above the spot P, it is arranged fixed, so that drawing 
2_- drawing 4 may show. 

[0039]By a relation with the laser beam direction of radiation, the nozzle 36 is arranged so that 
the arranging direction and the laser beam direction of radiation of the 1st rocket engine jets 38a, 
the suction opening 42a, and the 2nd rocket engine jets 40a may intersect perpendicularly. The 
nozzle 36 arranged in this way is also called 1st embodiment. The laser beam is orthopedically 
operated by rectangular shape long to the direction of radiation, and by the relation between the 
form and the size of the spot P, the nozzle 36 is arranged so that the arranging direction of the 1st 
rocket engine jets 38a, the suction opening 42a, and the 2nd rocket engine jets 40a and the long 
side (major axis) of the spot P may intersect perpendicularly. The laser beam direction of 
radiation and the direction from which compression fluid blows off also aims to cross at right 
angles, and also aims to intersect perpendicularly with the long side of the spot P. 
[0040] Since the laser beam is long to the direction of radiation, a part of lower end part of both 
side surfaces of the main part 50. as shown in drawing 2 and drawing 3 , in order not to interrupt 
an ON reflection of a laser beam but to secure the passage — notching — in him and lower end 
circles of the nozzle 36, The space 64 for laser passage for letting a laser beam pass is formed 
between the suction opening 42a (the position is shown by dotted line in drawing 2 (A).), and the 
surface of the hard disk substrate 12. 

[0041 ]The 1st rocket engine jets 38a and the 2nd rocket engine jets 40a include the guides 66 
and 68 which give predetermined directivity to compression fluid, respectively. That is, in the 1 st 
rocket engine jets 38a and the 2nd rocket engine jets 40a. As shown in drawing 3 , for example, it 



extends continuously toward the surface of the hard disk substrate 12 from the inside of the 1st 
spurting parts 38 and the 2nd spurting parts 40, the tabular guides 66 and 68 are formed, The 
point 66a of the guide 66 and the point 68a of the guide 68 incline in the direction which faces 
mutually at a proper angle. Each compression fluid which blows off from the 1 st rocket engine 
jets 38a and the 2nd rocket engine jets 40a is given directivity which goes to an outer edge of the 
spot P by this. 

[0042]In drawing 2 (B) and drawing 3, in order to show intelligibly, thickness is attached and 
illustrated at the spot P. Although a state at the time of drawing 4 cleaning an end of the hard 
disk substrate 12 is shown, By this drawing 4 . in order that the fields 38b, 40b, and 42b etc. 
which projected the spot P and the 1st rocket engine jets 38a, the 2nd rocket engine jets 40a, and 
the suction opening 42a to up to the hard disk substrate 12 surface may make it intelligible, it is 
exaggerated, and simplified and shown a little* 

[0043]The 1st rocket engine jets 38a and the 2nd rocket engine jets 40a are established in one 
side which separated from a center position (the alternate long and short dash line Q in drawing 
4) of the direction of laser radiation of the suction opening 42a so that drawing 3 and drawing 4 
may show well. An interval of the 1st rocket engine jets 38a and the 2nd rocket engine jets 40a, 
It is set up more greatly than size of the cross direction (direction crossing at a right angle of the 
laser beam direction of radiation) of the spot P (for example, about 30 mm), It is set up greatly 
whether laser radiation lay length of the 1 st rocket engine jets 38a and the 2nd rocket engine jets 
40a is almost the same as size of the direction of laser radiation of the spot P (for example, about 
70 mm). 

[0044] While the suction opening 42a counters the spot P so that drawing 4 may show the nozzle 
36, between the 1 st rocket engine jets 38a and the 2nd rocket engine jets 40a, as the spot P is 
settled, it is arranged, and the 1st rocket engine jets 38a and the 2nd rocket engine jets 40a 
counter on both sides of the spot P. And at the time of cleaning, the compression fluid which 
blows off from the 1 st rocket engine jets 38a and the 2nd rocket engine jets 40a flows, as a 
dotted line shows drawing 3 , for example. That is, each compression fluid is sprayed on the outer 
edge of the spot P on the spray square alpha smaller than 90 degrees by being given 
predetermined directivity by the point 66a of the guide 66, and the point 68a of the guide 68. 
[0045] Probably the fluid sprayed within the limits of the direct spot P also exists slightly, even if 
the guides 66 and 68 are set up towards the outer edge of the spot P, since compression fluid 
blows off with a fixed angle of divergence (about 20 degrees), but. The adverse effect to tailing 
by this is minor. However, it is desirable to spray all the compression fluid that blew off out of 
the ranges, such as an outer edge of the spot P. 

[0046] Compression fluid is sprayed within the limits of the hard disk substrate 12 by arranging 
the 1st rocket engine jets 38a and the 2nd rocket engine jets 40a within the limits of the hard disk 
substrate 12, for example etc. Therefore, since compression fluid does not blow off out of the 
range of the hard disk substrate 12, peripheral environment is not disturbed but the 
contamination from peripheral environment to which the foreign matter contained there soars on 
the surface of the hard disk substrate 12, and adheres is prevented. 

[0047]If each compression fluid is equivalent to the hard disk substrate 12, it will change 
direction in the direction which approaches mutually, will flow through within the limits of the 
spot P, and will collide each other near the center position between the 1st rocket engine jets 38a 
and the 2nd rocket engine jets 40a (this embodiment within the limits of the spot P). 
[0048]The compression fluid which flows through within the limits of the spot P gives kinetic 
energy to a foreign matter, assists exfoliation and surfacing of the foreign matter by laser 



radiation, and promotes this. And the foreign matter which exfoliated and surfaced from the hard 
disk substrate 12 surface by support of laser radiation and compression fluid rides the flow of 
compression fluid. Even if a foreign matter is ground by laser radiation and becomes a piece of 
grinding (very small foreign matter), Since it is flowing so that each compression fluid may 
collide each other towards the center position between the 1 st rocket engine jets 38a and the 2nd 
rocket engine jets 40a from the outer edge of the spot P, very much, small foreign matter also 
rides the flow of compression fluid, and is considered that the scattering is controlled. 
[0049]and a direction into which compression fluid which collided each other on the outskirts 
within the spot P flows the surface of the hard disk substrate 12 — it is mostly changed into a 
normal line direction (the secession direction), and the suction opening 42a is arranged at the 
point of the flow. Therefore, a foreign matter etc. are conjointly attracted [ act / a suction force 
from the suction part 42 ] in the suction part 42 from the suction opening 42a with compression 
fluid. Thus, a foreign matter is removed with compression fluid which blew off 
[0050]It may be made to give a frequency component to compression fluid by forming an 
ultrasonic generator in the middle of a pipeline between the compression fluid feed units 44 and 
46 or the compression fluid feed units 44 and 46, and the nozzle 36 etc., for example etc. In this 
case, since still bigger kinetic energy can be given to a foreign matter, exfoliation and surfacing 
of a foreign matter are promoted more. 

[0051]In arranging the whole cleaning device 1 0 or a peripheral part of the hard disk substrate 12 
to a clean room, By forming a HEPA (HighEfflciency Particulate Air) filter in an air supply 
source of a clean room, pure environment can be obtained highly. An HEPA filter is a gas filter 
constituted considering glass wool as a main material. 

Particles are caught using three principles, inertia, diffusion, and a collision. 

[0052]In a cleaning process using this cleaning device 10. First, the compression fluid feed units 
44 and 46, and suction and the exhaust 48 operate, the hard disk substrate 12 rotates with the 
spindle motor 34, and the hard disk substrate 12 is arranged by the moving stage 24 in the state at 
the nozzle 36 and a laser radiation position. And the excimer laser 16 is turned on, and laser 
radiation is performed to the whole surface of the hard disk substrate 12, repeating rotation and 
movement. Thus, a foreign matter which exfoliated and surfaced is attracted and removed from 
the suction opening 42a with compression fluid from the surface of the hard disk substrate 12. 
[0053]When washing an end of the hard disk substrate 12, as shown in drawing 4 . as the center 
Q of the suction opening 42a is located out of the range of the hard disk substrate 12, it is 
arranged. When it does in this way, there is no possibility that a foreign matter which a flow 
occurs toward within the limits of the hard disk substrate 12 from the outside of the range of the 
hard disk substrate 12, and is contained in peripheral environment by suction may adhere to the 
surface of the hard disk substrate 12. That is, contamination from peripheral environment can be 
prevented. 

[0054] It may be made to establish removal processes, such as supersonic vibration exhaust air 
washing or backwashing by water, etc. beforehand before this cleaning process. 
[0055] According to this embodiment, a foreign matter can be removed certainly and an 
extraction ratio of a foreign matter can be improved. Reattachment to the hard disk substrate 12 
of a foreign matter can be prevented, and, moreover, the minimum scattering can also be 
prevented. 

[0056]Since he is trying to collect compression fluid which blew off from the 1st rocket engine 
jets 38a and the 2nd rocket engine jets 40a to the suction opening 42a, cleanliness of a peripheral 



atmosphere is not spoiled. Therefore, maintenance, recovery, etc. of a peripheral atmosphere do 
not take time, but high speed processing becomes possible, and productivity can be improved. 
[0057]Since it was made to carry out adjacent arranging of the suction opening 42a between the 
1st rocket engine jets 38a and the 2nd rocket engine jets 40a, as for a miniaturization and a 
weight saving, the nozzle 36 is made, therefore it can apply also to washing of comparati vely 
small substrates, such as a magnetic recording medium (substrate). 

[0058]In an above-mentioned embodiment, as it is indicated, for example in drawing 3 as the 
nozzle 36 and the spot P, as the center position T between the 1 st rocket engine jets 38a and the 
2nd rocket engine jets 40a and the center position S of the cross direction of the spot P are 
mostly in agreement, they are arranged, but. The center position T between the 1 st rocket engine 
jets 38a and the 2nd rocket engine jets 40a and the center position S of the spot P are offset, and 
these may be made to be arranged, as shown, for example in drawing 5 . In near center position T 
between the 1st rocket engine jets 38a and the 2nd rocket engine jets 40a where compression 
fluid collides each other, It is thought that a place (Dead Zone) where the rate of flow of 
compression fluid serves as zero occurs, and in this Dead Zone, since it is in the same state as 
there is no jet of compression fluid, reattachment of a foreign matter will happen. . Therefore, 
arrange so that the spot P which exfoliation and surfacing, or grinding of a foreign matter 
produces may not go into the Dead Zone near center position T between the 1 st rocket engine 
jets 38a and the 2nd rocket engine jets 40a. Or by offsetting the center position T between the 
center position S of the spot P, the 1st rocket engine jets 38a, and the 2nd rocket engine jets 40a 
at least, within the limits of the spot P, compression fluid can always be flowing and can prevent 
reattachment of a foreign matter by the Dead Zone. 

[0059] In order to prevent cont^nination from peripheral environment in each above-mentioned 
embodiment, When establishing the 1 st rocket engine jets 38a and the 2nd rocket engine jets 40a 
in one side which separated from the center position Q of the direction of laser radiation of the 
suction opening 42a and washing an end of the hard disk substrate 1 2, are trying to arrange the 
center Q of the suction opening 42a out of the range of the hard disk substrate 12, but Since 
there is no possibility that contamination from peripheral environment may arise when 
cleanliness of atmosphere of peripheral environment can be secured still more highly, it may be 
made to arrange the center position Q of the suction opening 42a also in the case also in within 
the limits of the hard disk substrate 12, or the case of end clarification. It may be made to form 
the 1 st rocket engine jets 38a and the 2nd rocket engine jets 40a, without separating from the 
center position Q of the suction opening 42a, as shown in drawing 6 . Compression fluid may 
blow off also out of the range of the hard disk substrate 12 further again. 

[0060] Although he is trying for an arranging direction and the laser beam direction of radiation 
of the 1 st rocket engine jets 38a of the nozzle 36, the suction opening 42a, and the 2nd rocket 
engine jets 40a to intersect perpendicularly in each above-mentioned embodiment, An arranging 
direction and the laser beam direction of radiation of the 1st rocket engine jets 38a, the suction 
opening 42a, and the 2nd rocket engine jets 40a may be made to be parallel. In this case, the 
nozzle 36 (the 2nd embodiment) of other embodiments as shown, for example in drawing 7 is 
applied. 

[0061] Since it is constituted like the nozzle 36 of the drawing 2 embodiment except that the 
composition of a lower end part mainly differs, the nozzle 36 (drawing 7) of the 2nd embodiment 
omits the duplicate explanation. In the 2nd embodiment, the laser beam is orthopedically 
operated by rectangular shape with the long length of the direction (cross direction) which 
intersects perpendicularly with the laser beam direction of radiation, as shown in drawing 8 . And 



in the 2nd embodiment, space for laser passage like the 1st embodiment is not provided, but the 
nozzle 36 approaches the surface of the hard disk substrate 12 (about 2 mm or less), and is 
arranged, and a laser beam passes through between the lower end surface of the nozzle 36, and 
the surfaces of the hard disk substrate 12. In order not to interrupt an ON reflection of the laser 
beam of the predetermined incidence angle theta, the lower end part of the both side surfaces 
(field which intersects perpendicularly with the laser beam direction of radiation) of the main 
part 50 is formed in tapering tapered shape, for example. Also in the 2nd embodiment, the 
arranging direction of the 1st rocket engine jets 38 a, the suction opening 42a, and the 2nd rocket 
engine jets 40a and the long side (major axis) of the spot P intersect perpendicularly , 
r 00621 Drawing 8 i s exaggerated, and simplified and shown a little, in order that the fields 38b, 
40b, and 42b etc. which projected the spot P and the 1st rocket engine jets 38a, the 2nd rocket 
engine jets 40a, and the suction opening 42a to up to the hard disk substrate 12 surface may 
make it intelligible. 

[0063]It returns to drawing 7 , and to a lower end of the nozzle 36, the 1st spurting parts 38, the 
2nd spurting parts 40, and the suction part 42 are prolonged, and are provided, and the 1 st rocket 
engine jets 38a, the 2nd rocket engine jets 40a 5 and the suction opening 42a are formed in a 
lower end surface of the nozzle 36. And the passage 38c of a point which reaches the 1st rocket 
engine jets 38a, and the passage 40c of a point which reaches the 2nd rocket engine jets 40a 
incline in the direction which faces mutually at a proper angle. Each compression fluid which 
blows off from the 1st rocket engine jets 38a and the 2nd rocket engine jets 40a is given 
directivity which goes to an outer edge of the spot P by this. 

[0064]The 1st rocket engine jets 38a and the 2nd rocket engine jets 40a are established in the one 
side which separated from the center position (alternate long and short dash line Q' in drawing 8) 
of the cross direction of the suction opening 42a so that drawing 7 and drawing 8 may show welL 
The interval of the 1 st rocket engine jets 38a and the 2nd rocket engine jets 40a, It is set up more 
greatly than the size of the laser beam direction of radiation of the spot P (for example, about 30 
mm), It is set up greatly whether the length of the cross direction (direction which intersects 
perpendicularly with the laser beam direction of radiation) of the 1st rocket engine jets 38a arid 
the 2nd rocket engine jets 40a is almost the same as the size of the cross direction of the spot P 
(for example, about 50 mm)* 

[0065] As the nozzle 36 is shown in drawing 8 , while the suction opening 42a counters the spot 
P, between the rocket engine jets 38a and the rocket engine jets 40a, as the spot P is settled, it is 
arranged, and the 1 st rocket engine jets 38a and the 2nd rocket engine jets 40a counter on both 
sides of the spot P. And at the time of cleaning, the compression fluid which blows off from the 
1 st rocket engine jets 38a and the 2nd rocket engine jets 40a flows, as a dotted line shows 
drawing 7 . That is, each compression fluid is given predetermined directivity at the passages 38c 
and 40c, and is sprayed on the outer edge of the spot P on the spray square alpha smaller than 90 
degrees. The direction from which compression fluid blows off also aims to be parallel to the 
laser beam direction of radiation, and also aims to intersect perpendicularly with the long side of 
the spot P. 

[0066] And like the 1st embodiment, each compression fluid assists exfoliation and surfacing of a 
foreign matter, and is attracted by the suction part 42 with a foreign matter. However, since the 
1 st rocket engine jets 38a, the 2nd rocket engine jets 40a^ and the suction opening 42a are close 
by the surface of the hard disk substrate 12, the spray effect, a suction force, etc. of compression 
fluid improve. 

[0067] Also according to other embodiments, a foreign matter can be removed more certainly and 



an extraction ratio of a foreign matter can be improved further. Reattachment to the hard disk 
substrate 12 of a foreign matter can be prevented further, and, moreover, can be prevented one 
layer of the minimum scattering nearby. 

[0068] Also in the other embodiments, when washing an end of the hard disk substrate 12, as 
shown in drawing 8 , as center Q* of the suction opening 42a is located out of the range of the 
hard disk substrate 1 2, it is arranged. Therefore, contamination from peripheral environment can 
be prevented like a case of the 1 st embodiment. 

[0069] The center position T between the 1 st rocket engine jets 38a and the 2nd rocket engine jets 
40a and the center position S of the spot P are offset, and it may be made to arrange in the other 
embodiments as well as the 1 st embodiment, as shown in drawing 9 . 

[0070] When cleanliness which contamination from peripheral environment cannot produce can 
be secured like the 1 st embodiment further again, it may be made to arrange center position Q T of 
the suction opening 42a also in the case also in within the limits of the hard disk substrate 12, or 
the case of end clarification. It may be made to form the 1 st rocket engine jets 38a and the 2nd 
rocket engine jets 40a, without separating from center position Q' of the suction opening 42a, as 
shown in drawing 10 . Compression fluid may blow off also out of the range of the hard disk 
substrate 12, 

[0071] An inventor experimented in order to verify the tailing effect by a cleaning device of the 
1 st and 2nd embodiments, and he showed the result in Table 1 . In Table 1 , the 1 st embodiment 
(drawing 3 ), Since the 1st rocket engine jets 38a, the 2nd rocket engine jets 40a, and the suction 
opening 42a of the nozzle 36 separate an interval from the surface of the substrate 12 a little and 
are arranged, It is shown as a "remote nozzle", and since the 1st rocket engine jets 38a, the 2nd 
rocket engine jets 40a, and the suction opening 42a of the nozzle 36 approach with the surface of 
the substrate 12 and are arranged, the 2nd embodiment (drawing 7) is shown as a "contiguity 
nozzle." In a remote nozzle (the 1st embodiment), while spouting compression fluid by 65N1 
(normal liter) / min from the 1st spurting parts 38 and the 2nd spurting parts 40, respectively, it 
drew in by 300 Nl/min from the suction part 42. In a contiguity nozzle (the 2nd embodiment), 
whale spouting compression fluid by 40 Nl/min from the 1st spurting parts 38 and the 2nd 
spurting parts 40, respectively, it drew in by 1 50 Nl/min from the suction part 42. What only 
drew in by 300 Nl/min is shown as a comparative example. 
[0072] 
[Table 1] 
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[0073] A result of having summarized two or more sample substrates is shown by rate of tailing 
in (the removed number of foreign matters / the total number of foreign matters)* According to 
the 1 st and 2nd embodiments, it turns out that the tailing effect can be improved about ten 
percent compared with a comparative example, (The number of sample substrates / the total 
number of sample substrates classified according to a grade (**, slightness, nothing) of the 
minimum scattering after washing) are shown by the minimum scattering, compared with a 



comparative example, the minimum scattering is clearly observed by all of the 1st and 2nd 
embodiments — a rate of owner" decreases sharply and "it is minor" and the minimum 
scattering by which the minimum scattering is observed very slightly are not observed at all — "— 
it turns out that a rate of-less n is increasing and the minimum preventing scattering effect is 
acquired. In particular, according to the 2nd embodiment, a result that the minimum scattering 
was not observed in no less than 75% of sample was obtained. 

[0074] Although he is trying to supply compression fluid to the 1st spurting parts 38 and the 2nd 
spurting parts 40 independently from the respectively separate compression fluid feed units 44 
and 46 in each above-mentioned embodiment, This is for adjusting individually compression 
fluid which blows off from the 1st rocket engine jets 38a and the 2nd rocket engine jets 40a, and 
raising an extraction ratio and the minimum scattering prohibitive power. Therefore, it may be 
made to supply compression fluid to these from one compression fluid feed unit depending on 
the case. In such a case, the 1 st spurting parts 38 and the 2nd spurting parts 40 may be 
constituted by passage etc, where one passage started from one end connection branched to two 
within the nozzle 36. 

[0075] A laser beam is divided into plurality, and two or more places of the surface of the hard 
disk substrate 12 are irradiated, and it may be made to form two or more nozzles 36 to these 
spots P. In this case, since each nozzle 36 can share the surface area of the hard disk substrate 12 
and two or more fields can be cleaned simultaneously, a throughput can be improved. 
[0076] Although he is trying to clean one surface of the hard disk substrate 12 in each above- 
mentioned embodiment, further again, For example, it may be made to clean both the surfaces of 
the hard disk substrate 12 simultaneously by irradiating the surface of both hard disk substrates 
12 (upper and lower sides) with a laser beam, and forming the nozzle 36 to each of both surfaces, 
as shown in drawing 1 1 . In this case, the process which reverses the upper and lower sides of the 
hard disk substrate 12 can be skipped, and a throughput can be improved. The problem by which 
the hard disk substrate 1 2 is blown away with compression fluid is avoidable by maintaining the 
flow balance of compression fluid to both the surfaces of the hard disk substrate 12. It is 
desirable to make it spray compression fluid within the limits of the hard disk substrate 12 so that 
the compression fluid which blows off from each nozzle 36 for the upper and lower sides may 
not collide each other in this case. 

[0077]For example, as shown in drawing 1 1 , it is arranged at a position to the spot P of the upper 
and lower sides of the hard disk substrate 12, respectively, and the two nozzles 36 are divided 
into two and irradiated with a laser beam by both the surfaces of the hard disk substrate 12. The 
optical system 22 shown in drawing 1 1 contains the polarization beam splitter 70, the mirror 72, 
and the 1 wavelength-plate 74 grade for 2 minutes. When the laser beam entered into the 
polarization beam splitter 70, while the part was reflected, after the vibrating direction of the 
electric vector is used only as a horizontal component and total internal reflection is carried out 
by the mirror 72, the upper surface of the hard disk substrate 1 2 glares as an s-polarized light 
beam. The vibrating direction of the electric vector is used only as a vertical component, other 
parts are given to the 1/2 wavelength plate 74, and 90 degrees of the plane of polarization rotates, 
and is irradiated with them by the undersurface of the hard disk substrate 12 as an s-polarized 
light beam while being penetrated. 

[0078] Without being because a laser beam being divided using the excimer laser 16 common to 
both the surfaces and optical system 22 grade of the above hard disk substrates 1 2, It may be 
made to irradiate both the surfaces of the hard disk substrate 1 2 with a laser beam individually by 
providing the excimer laser 16 and optical system 22 grade individually to each of both surfaces 



of the hard disk substrate 12. 

[0079] In each above-mentioned embodiment, although it is made to clean over the whole surface 
of the hard disk substrate 12, the foreign-matter-detection machine for detecting the position etc. 
to which the foreign matter has adhered, etc. are formed, and it may be made to clean only to the 
position in which a foreign matter exists. 

[0080] Although he is trying to move the hard disk substrate 12 to the optical system 22 and 
nozzle 36 grade in each above-mentioned embodiment, While forming the hard disk substrate 12 
and the spindle motor 34 fixed, it may be made to form the optical system 22 and the nozzle 36 
movable to the hard disk substrate 12 by arranging the optical system 22 and nozzle 36 grade to a 
moving stage, respectively etc. 



[Translation done.] 



CLAIMS 



[Claim 1 ]In laser cleaning equipment which irradiates a substrate face with a laser beam and 
washes said substrate face, The 1st rocket engine jets and the 2nd rocket engine jets which spout 
compression fluid on a spray square smaller than 90 degrees towards an outer edge of said spot 
from a position which counters on both sides of a spot of said laser beam formed in said substrate 
face, Laser cleaning equipment provided with a nozzle which has a suction opening established 
between said 1st rocket engine jets and said 2nd rocket engine jets. 

[Claim 2]The laser cleaning equipment according to claim 1 with which an arranging direction of 
said 1st rocket engine jets, said suction opening, and said 2nd rocket engine jets and the direction 
of radiation of said laser beam intersect perpendicularly. 

[Claim 3]The laser cleaning equipment according to claim 1 to which an arranging direction of 
said 1st rocket engine jets, said suction opening, and said 2nd rocket engine jets and the direction 
of radiation of said laser beam are parallel. 

[Claim 4] The laser cleaning equipment according to any one of claims 1 to 3 with which an 
arranging direction of said 1 st rocket engine jets, said suction opening, and said 2nd rocket 
engine jets and a long side of said spot intersect perpendicularly. 

[Claim 5]The laser cleaning equipment according to any one of claims 1 to 4 with which said 
compression fluid which blew off from said 1st rocket engine jets and said 2nd rocket engine jets 
is sprayed within the limits of said substrate face. 

[Claim 6] When said 1st rocket engine jets and said 2nd rocket engine jets are established in one 
side which separated from the center of a direction which intersects perpendicularly with the 
direction of radiation of said laser beam of said suction opening, or the direction of radiation and 
an end of said substrate face is washed, The laser cleaning equipment according to any one of 
claims 1 to 5 with which the center of said suction opening is arranged out of the range of said 
substrate face. 

[Claim 7]The laser cleaning equipment according to any one of claims 1 to 6 which made a 
center position between said 1st rocket engine jets and said 2nd rocket engine jets, and a center 
position of said spot offset. 



[Claim 8]The laser cleaning equipment according to any one of claims 1 to 7 to which s- 
polarized light of said laser beam is carried out to said substrate face and which is irradiated 
aslant. 

[Claim 9]The laser cleaning equipment according to any one of claims 1 to 8 with which said 
laser beam was irradiated by both the surfaces of said substrate, and said nozzle was provided to 
said each of both surfaces of said substrate. 

[Claim 10] In a laser cleaning method which irradiates a substrate face with a laser beam and 
washes said substrate face, Compression fluid is made to blow off from a position which 
counters on both sides of a spot of said laser beam formed in said substrate face on a spray 
square smaller than 90 degrees towards an outer edge of said spot, A laser cleaning method 
attracting said compression fluid which collided each other on the outskirts within said spot 



[Translation done.] 
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